Abstract Sensitization to human leukocyte antigens (HLA) creates significant barriers for renal transplant candidates, reducing access to transplantation by limiting donor availability and increasing the risk of rejection. Sensitized patients also endure longer wait-times on dialysis. Desensitization protocols, kidney-paired donation, and a combination of both of these modalities have been used to remove or circumvent the clinically deleterious anti-HLA antibodies. Technical advances in antibody characterization methods and therapies targeting the humoral arm of the immune system have facilitated successful transplantation for these immunologically challenging patients. However, antibody-mediated rejection and transplant glomerulopathy resulting from injury to the vascular endothelium are major impediments to further improvement in outcomes. This review describes the assessment protocols, antibody monitoring techniques, and therapeutic strategies that have been used effectively to overcome HLA incompatibility.
Introduction
Kidney transplantation is the treatment of choice for patients with end-stage renal disease. Despite efforts to increase livingdonor transplantation, many potential donor-recipient pairs are deemed incompatible due to the presence of preformed antibodies against donor human leukocyte antigens (HLA). Nearly one-third of patients on the wait-list are sensitized to HLA, and around 15 % have calculated panel-reactive antibodies (CPRA) > 80 % [1] . These difficult-to-match recipients are disadvantaged by extremely low transplant rates and are relegated to the ever-expanding deceased donor pool. By markedly prolonging wait-times and increasing the cost of care, sensitization to HLA imposes a huge economic burden on the health care system and constitutes a major public health problem.
Innovative strategies such as desensitization, kidney-paired donation and the use of new therapeutic agents have enabled transplant centers to overcome this immunological barrier. These strategies have been enhanced by sensitive and specific assays that permit identification of antibody specificities with high resolution, permitting better characterization of donorrecipient phenotypes.
Sensitization to HLA After Alloimmunization
Sensitization to allogeneic HLA occurs as a consequence of prior transplantation, pregnancy, or the receipt of blood products. Despite the high degree of polymorphism within the HLA system, exposure to public epitopes shared between common and less common antigens can result in a broadened level of sensitization. Development of de novo anti-HLA donor-specific antibodies (DSA) has an adverse impact on allograft outcomes [2] . Our understanding of the alloimmune response toward HLA is far from complete, and it is not entirely clear as to why some individuals develop antibodies following a single allosensitizing event while others do not. In addition to the creation of antibodies specific to the exposed HLA, some patients experience increased breadth of antibody reactivity against "public" epitopes shared between polymorphic HLA molecules. Porcheray et al. provided further insight into this phenomenon by analyzing B-cell clones from a human renal allograft undergoing humoral rejection and characterizing the antibody specificities. They demonstrated the formation of polyreactive antibodies with apparent reactivity against HLA and multiple auto-antigens [3] . These polyreactive antibodies may be the key to understanding the astounding rise in CPRA following sensitization in some individuals that cannot be construed based purely on frequency of the genotype or known public epitopes.
Role of the Histocompatibility Laboratory
The histocompatibility laboratory is a critical component of the multidisciplinary team involved in the care of immunologically complex transplant patients.
Defining Unacceptable Antigens and Predicting the Virtual Crossmatch
While the concept of a virtual crossmatch has been in existence for decades, advancements in methods of antibody detection and specificity characterization have greatly improved the accuracy of these predictions. Initially, the virtual crossmatch was limited to HLA antibodies strong enough to yield a positive cytotoxicity crossmatch, and these HLA mismatches were deemed unacceptable. Unacceptable antigens were defined using cytotoxicity screening to test the recipient's sera against lymphocytes from a panel of donors selected to represent a wide array of HLA. The number of positive reactions was used to derive a panel-reactive antibody percentage (%PRA) that provided clinicians with information regarding the breadth of HLA sensitization and the likelihood of finding a crossmatch negative donor. Cytotoxicity methods have been limited due to their insensitivity and interference from irrelevant autoantibodies. Today, the task of defining unacceptable antigens is complicated by the inherent differences among transplant programs with respect to the level of DSA that is considered unacceptable [4] . While newer CPRA values continue to provide information regarding the breadth of sensitization, they no longer provide details on the antibody strength.
Solid-phase immunoassay (SPI) platform options -ELISA or beads analyzed with flow cytometry or Luminex technology -vary in both sensitivity and equipment requirements. In addition, binding recombinant HLA to solid matrices has been shown to distort the architecture of native epitopes or at times to express cryptic epitopes, resulting in false-negative and false-positive reactions, respectively [5, 6] . Given these shortcomings, there is a compelling need for each transplant program to correlate the results of SPI with crossmatch results and clinical outcomes. We have previously shown that the strength of DSA reactivity determined by phenotype-panel SPI correlates significantly with the strength of T-and B-cell cytotoxic (r=0.83) and flow-cytometric crossmatch (FCXM) (r=0.85) tests. These correlations have enabled us to generate threshold values that correctly predict cytotoxic and FCXM results with high frequency (93 % of cases), improving the validity and reliability of the virtual crossmatch [7] .
Quantifying Antibodies
There are differences among histocompatibility laboratories with regard to the procedures used for crossmatch testing and thresholds that define positivity. In a FCXM, the difference between the median channel fluorescence of the test serum and that of the negative control serum, expressed as a channel shift or ratio, is used to determine the presence and quantity of alloantibody bound to donor lymphocytes. While it is a popular tool, the FCXM is influenced by numerous physiological and technical factors, including the amount of antigen expression on the cells, the detection antibody used, cell and serum treatments to reduce background reactivity, and instrument calibration [8] . Using a ratio rather than channel-shift may rectify some of these anomalies and achieve better correlations with clinical outcomes [9] . Molecular equivalents of soluble fluorochrome (MESF) or standardized fluorescence intensity (SFI) can also be determined from standard curves to improve the reproducibility of the test results [8] .
Reporting Sensitization
Several techniques have been used to identify antigens against which the patient has an unacceptable level of reactivity. Eurotransplant uses an approach that involves running multiple cross-match tests against donors mismatched only for a single HLA. This requires access to viable cells from a large pool of HLA-typed individuals. In the U.S., the CPRA policy governs reporting sensitization and kidney-pancreas organ allocation within the United Network for Organ Sharing (UNOS) [10, 11] . Information on anti-HLA antibodies characterized by SPI is entered into an online program to generate the frequency of donors with unacceptable antigens. Sensitized patients with CPRA≥80 are awarded extra allocation points to facilitate transplantation [12] [13] [14] .
The CPRA calculator is available at: http://optn.transplant. hrsa.gov/resources/professionalResources.asp?index=78).
Eliminating Interference from Solid-Phase Immunoassays
When using SPI platforms, naturally occurring factors such as IgM antibodies, immune complexes, and non-specific binding to beads can increase the background reactivity and interfere with the test results. Serum treatments such as dithiothreitol (DTT) and hypotonic dialysis (HD) have been used as a corrective measure. In HD, serum is dialyzed against distilled water, resulting in precipitation and effective elimination of the water-insoluble IgM molecules [15] . Zachary et al. demonstrated that while HD increased the reaction strength of positive control beads and reduced the reaction strength of negative control beads, DTT increased the reactivity of both. HD also improved the determination of DSA specificity and crossmatch predictability to a greater extent than DTT, leading to more meaningful test interpretation [16] .
Establishing the most Likely Route to Successful Transplantation
Sensitized patients have a lower likelihood of being offered a crossmatch negative donor. As a result, these patients languish on waiting lists. Various strategies have been employed to resolve this issue. First, desensitization protocols are applied to lower the antibody strength to an acceptable level pretransplantation. Second, an attempt is made to avoid the unacceptable HLA against which the patient has antibodies through kidney-paired donation (KPD). For deceased-donor transplantation, patients are awarded extra allocation points and are enrolled into special programs such as the Acceptable Mismatch Program of Eurotransplant [17] . The most suitable approach is usually dictated by immunologic phenotyping to determine the specificity and strength of the patient's anti-HLA antibodies.
Desensitization
Desensitization protocols are not standardized and are centerspecific. Similarly, the threshold of antibody strength and reactivity that is acceptable for desensitization must be determined individually by each program after taking into account factors such as local expertise, resource availability, and clinical outcomes.
The Johns Hopkins protocol for living-donor crossmatch positive desensitization is based on a combination of plasmapheresis (PP) and low-dose intravenous immunoglobulin (IVIg) (100 mg/kg). The initial DSA strength is used to determine the number of pre-transplant sessions. The goal prior to surgery is to reduce the DSA strength to below a positive cytotoxic crossmatch level (roughly equivalent to mean fluorescent intensity [MFI] scores of 10,000 on a phenotype-panel for most antigens in our laboratory) or to produce a sustained reduction if initial antibody strength is below a cytotoxic level (Fig. 1) . Treatment is continued postoperatively until the DSA strength is below a positive FCXM level (around 6000 MFI).
Anti-CD20 is used preoperatively in a select group of patients (multiple repeat mismatches, very high DSA titers, or increased levels of HLA-specific B-cells on tetramer staining). Sustained elimination of DSA with this protocol is influenced by the DSA titer, class of HLA, and epitope (private vs. public) to which it is directed. Seventy-five percent of class I HLA antibodies, 53 % of antibodies specific for DRB1 and DQB antigens, and only 10 % of antibodies to DR51, DR52, and DR53 are eliminated. DSAs with reactivity to only one member of a cross-reactive group (CREG) (private epitopes) are much more refractory to treatment (70.8 % persist) than those reactive with several members of the CREG (public epitopes) (26.5 % persist) [18] .
Protocol biopsies are conducted at 1, 3, 6, and 12 months. The rate of clinically apparent antibody-mediated rejection (AMR) in our cohort is approximately 22 %; most of these episodes respond to retreatment with PP/IVIg [19•] . To reduce the risk of AMR, it is important to identify and characterize all antibody specificities, including those to HLA-DQA, DPA, and to epitopes that consist of portions of the α and β chains of DQ and DP molecules [20] .We recently reported on the time course of histologic allograft features in HLAincompatible transplant recipients. Microcirculation inflammation, particularly glomerulitis, was identified as an independent risk factor for the development of transplant glomerulopathy at 1 year [21] .
Outcomes of Desensitization
Graft and patient survival rates have varied in single-center studies, but are generally considered to be inferior to compatible living-donor renal transplants [22, 23] . A negative pretransplant cytotoxic crossmatch confers better medium-term survival than one that is positive [24] . Outcomes of desensitization protocols should be weighed against options that are actually achievable for the patient. For a broadly sensitized patient with very high-titer anti-HLA antibodies, receiving a crossmatch negative compatible kidney is not a realistic option. Other than desensitization, the only alternative for these patients is waiting on the deceased donor list for the rare compatible organ. In a detailed analysis on the survival of 211 patients undergoing desensitization, our group demonstrated that, independent of the strength of DSA, HLAincompatible transplantation conferred significant survival benefit. The 8-year patient survival was 80.6 %, while the rate for the matched controls waiting on dialysis for a compatible organ was 49.1 % (P<0.001) [25••] . Only 16 % of the matched controls were transplanted, indicating that maintenance dialysis is the only realistic option for the vast majority of sensitized patients. The survival of matched-control patients who remained on dialysis during the 8-year follow-up period was only 30.5 %.
In a multicenter randomized placebo-controlled trial led by the Cedars-Sinai group, an alternative strategy comprising monthly infusions of 2 g/kg of IVIg (up to 4 doses) demonstrated a significant reduction in PRA and higher transplantation rates (39 vs. 17 %, n=101) [26] . Addition of anti-CD20 to this protocol achieved transplantation rates of 80 %, with good short-term outcomes [27] . A potential strategy for patients awaiting deceased-donor transplantation is to reduce antibody strength by preemptively treating the patient with the highdose IVIg protocol, with or without anti-CD20. The PP/IVIg protocol may be implemented postoperatively to further lower the level of DSA and subsequent risk of AMR. The combination of anti-CD20 and high-dose IVIg appears to be more efficacious in reducing antibodies of lower strength [28, 29] .
Kidney-Paired Donation
Kidney-paired donation (KPD), which involves the exchange of kidneys between incompatible pairs so that each recipient receives a compatible organ, is an attractive option for highly sensitized patients. The chief limitations of KPD result from blood-group imbalance as well as competition for rare HLA genotypes for highly sensitized patients. Blood-type skewing results from O recipients being overrepresented in KPD pools with inadequate numbers of O donors. While mathematical simulations have indicated an overall match rate of approximately 50 % for a typical national KPD pool, match rates are considerably lower for certain donor/recipient phenotypes: 17 % for A-to-O blood type incompatible pairs and 14 % for highly sensitized patients who have an O donor [30•] . Eventually, the KPD pool becomes overwhelmed with an increasing population of these difficult-to-match candidates [31] . Match rates may be considerably increased by (up to 75 %) including compatible pairs in order to add normative blood types to the KPD pool . Expanding the genetic diversity of the KPD pool is another strategy to increase match rates. With a view toward the optimization and expansion of the KPD spectrum, we recently reported on a 10-way domino transplant that involved the exchange of kidneys between the United States and Canada [32] .
Combined Kidney-Paired Donation and Desensitization
As a general principle, patients with a narrow breadth of sensitization but high-titer DSAs will benefit from KPD. Desensitization protocols are best applied to broadly sensitized patients, particularly those with rare phenotypes or homozygosity at any HLA locus. Desensitization is also a good option for highly sensitized patients who have low-level DSA. Unfortunately, some broadly sensitized patients also have very high levels of HLA reactivity, which precludes both desensitization and KPD. In such cases, it may be possible to find a donor from the KPD pool against whom the patient has lowlevel antibodies that can be effectively eliminated by desensitization [33] . In this scenario DSA below a certain threshold (for instance, a positive FCXM strength) would be removed from the unacceptable antigen list, and the KPD pool would be searched for a suitable genotype that would include these antigens [34] . The low-level DSA that would likely be present is then removed by desensitization. This concept is illustrated in Fig. 2 . Numerous patient-specific, donor-specific, and program-specific factors may be utilized to generate collective data that can be incorporated into a generic Bayes' calculation to estimate the likelihood of achieving transplantation. With this methodology, we have reported a nearly 95 % probability of transplantation using one of these options [35••] .
DSA Monitoring After Transplantation
It is important to distinguish antibodies that are detected pretransplant from those that develop de novo following transplantation. Unfortunately, the large body of literature in this field is conspicuously lacking a rigorous definition of preexisting versus de novo DSAs. In a retrospective study by Amico et al., nearly 50 % of patients who had DSAs that were not recognized pre-transplant went on to develop AMR and had a significantly lower graft survival (n=34, P<0.0001). MFI values and the antibody specificity (class I vs. class II) did not reliably predict the risk of AMR [36] . The Mayo group examined patients who had pre-transplant DSAs at varying levels (FCXM<300, FCXM>300, +ve cytotoxic-AHG XM) and were desensitized using PP/IVIg. They found that the risk of AMR correlated with the strength of the FCXM, and much less so with MFI values [37] . The Edmonton group reported that in patients who had a biopsy for a clinical indication, the time of onset of DSAs relative to the onset of graft dysfunction could not be established (n=145) [38] . In a single-center cohort study, Wiebe et al. sequentially evaluated the sera of low-risk renal transplant recipients and demonstrated that the frequency of de novo DSAs progressively increased with time. Fifteen percent of patients developed anti-HLA DSAs at a mean of 4.6±3.0 years post-transplantation (n=315) [39] .
Mismatches at the HLA-DRB1 locus, non-adherence to medications, and clinical or subclinical episodes of cellular rejection were identified as independent risk factors for the development of de novo DSAs. Some patients with de novo DSAs follow an indolent course, with relatively stable graft function. Factors such as initial antibody titer, complementfixing ability, IgG subclass, differences in epitope immunogenicity or binding avidity, and the modification of immune responses by regulatory T-or B-cells may explain the lack of dysfunction in this group. A consensus meeting was convened in Rome recently that brought together experts from around the world to provide state-of-the-art guidance for antibody monitoring. The guidelines that emerged from this meeting recommend that DSAs should be closely monitored and a protocol biopsy conducted in the first three months for highly sensitized patients. Evidence of clinical or subclinical rejection or rising DSA levels should prompt initiation of therapy [40•] .
The first few weeks post-transplantation represent a critical phase in the alloimmune response and one that requires careful monitoring. Recognizing the significance of a rising test value on SPI is critical in decision-making. A considerable rise in DSA titer usually epitomizes a real increase and warrants prompt intervention. Smaller increases in a Luminex® bead assay could represent day-to-day variability in test sensitivity. In such cases, we have found that comparing the reading for the beads bearing the donor antigen with the positive control value can be very useful. Another approach is to evaluate the ratio of the test bead value to the positive control value [41••] .
Emerging Therapeutic Options

Proteasome Inhibition
Bortezomib, a first-in-class proteasome inhibitor, is a chemotherapeutic agent that targets plasma cells and is used for the treatment of multiple myeloma. Research was undertaken to explore its potential to reverse humoral rejection and achieve a sustained reduction in DSA levels in sensitized dialysis patients [42•] , but the patients in this trial were also receiving other DSA-depleting therapies, including plasmapheresis and IVIg, and the relative contribution of bortezomib to the Fig. 2 If all of the antibody specificities are disallowed, none of them would be considered acceptable. If the threshold is raised to a level that produces a positive flow crossmatch (6000 MFI), specificities below that threshold i.e. Cw6, DP4, A28, and DQ5 can be overcome using desensitization protocols. These are entered into the KPD algorithm as acceptable antigens and a search is carried out for a suitable genotype to avoid the remaining specificities (B44, B14, DR52) therapeutic efficacy could not be established. Studies have demonstrated its ability to induce apoptosis of bone marrowderived human plasma cells, curtail plasma cell longevity, and interfere with the antibody-producing mechanism [43] . Using pre-and post-treatment ELISPOT assays, the Mayo group demonstrated that bortezomib effectively depleted DSAproducing plasma cells (DSA-PC) (6.7±14.5 DSA-PCs/ml pre-treatment vs. 6.2±3.6 DSA-PCs/ml post-treatment, n=8, P=0.048) and reinforced the efficacy of antibody removal using plasma exchange [44] . More recently, the Cincinnati group conducted a pilot study to evaluate the safety and toxicity profile of a protocol that combined anti-B-cell therapy (bortezomib and rituximab) with a T-cell-depleting agent (rabbit anti-thymocyte globulin) for induction in high-risk renal transplant recipients (n=40). There were no serious toxicities or deaths from infection or malignancy [45] . Further investigation is warranted to determine if the addition of B-celldepleting agents would enhance the effects of T-cell-based therapy and improve outcomes in sensitized patients.
Therapies Directed Towards the Complement Pathway
Activation of the complement cascade plays an integral role in the pathogenesis of alloantibody-mediated graft injury. [46] . Eculizumab (Alexion, Cheshire, Connecticut), a humanized monoclonal antibody against complement factor C5, blocks the cleavage of C5 into C5a and C5b, inhibits the formation of membrane attack complex, and prevents the amplification of the complement system. Eculizumab has been used in renal transplant recipients to treat atypical HUS and as prophylaxis to prevent its recurrence. Its utility has been expanded of late to treat other disorders of complement dysregulation such as C3-glomerulopathy, dense-deposit disease, and thrombotic microangiopathy related to catastrophic antiphospholipidantibody syndrome [47, 48] . The first reported use of eculizumab in the kidney transplant population was from our group, in which the drug successfully reversed severe AMR [49] . Stegall et al. reported on their experience using eculizumab post-transplantation in high-risk patients desensitized with PP/IVIg. Treatment with eculizumab resulted in a marked reduction in AMR (7.7 % vs. 41 %, p=0.003, n=26) and a lower rate of transplant glomerulopathy at one year (6.7 % vs. 35.7 %, p=0.04) [50••] .
Several clinical phenotypes of AMR have been recognized based on the mechanism of antibody production and the timing of injury post-transplantation. Accelerated AMR triggered by an anamnestic memory B-cell response usually occurs in the first week and is characterized by acute graft dysfunction, thrombocytopenia, oliguria, rapidly rising DSA titers, and histologic features of thrombotic microangiopathy and coagulative necrosis. This entity does not respond well to standard treatment protocols. In the past, splenectomy has been used with a greater than 85 % success rate [51, 52] .
Combining eculizumab and splenectomy may provide further improvement in outcomes for early severe AMR after desensitization. The optimum duration of therapy is yet to be ascertained. The role of proximal complement inhibition using C1 esterase inhibitor in reversing this AMR phenotype in patients undergoing HLA-incompatible transplantation is currently being investigated (NCT01134510).
Novel Diagnostic Approaches
Functional C1q Assay HLA molecules on the vascular endothelium of the allograft constitute the first point of contact for DSA. Complementfixing DSA binds C1q to activate the classical complement pathway, producing a distinct pattern of injury that is characteristic of AMR. Chen and colleagues developed the C1q assay to identify and define DSA phenotypes with complement-fixing capability on solid-phase beads [53] . They also showed that C1q binding confers pathogenicity to DSA, which translates into a greater risk of allograft loss [54] . Loupy et al. recently substantiated these findings through a large population-based cohort study [55••] . At one year, C1q-binding DSAs were associated with an increased frequency of AMR, more severe microcirculation inflammation on histology, more intense C4d deposition in the peritubular capillaries, and a lower eGFR (n=1016). C1q binding also correlated with poor graft survival at five years. Patients with C1q-binding DSA had higher strength of antibody reactivity (MFI≥6000) than those with non C1q-binding DSA, which may be a confounding factor in this study.
Although the data presented here are enticing, several aspects require further clarification. Non-HLA antibodies that are known to cause microvascular injury through complement-independent mechanisms, as well as low-titer anti-HLA DSAs that individually do not fix-complement, remain undetected by this assay. Given the relatively short follow-up period, slowly progressive microvascular injury resulting from DSAs against class-II HLA may have been underappreciated by this study [56] . Prospective trials are needed to examine the response of C1q-binding DSA to antibody-depleting therapies.
Identification of Non-HLA Antibodies
In recent years, features resembling AMR have been reported in patients receiving a blood type-compatible kidney from an HLA-identical sibling, indicating the involvement of antigenic targets other than HLA and ABO blood-type in the alloimmune response [57] . These antibodies may escape detection with conventional crossmatch techniques that utilize lymphocytes as target cells. A novel flow-cytometric assay (XM-ONE®, Absorber) that uses endothelial precursor cells (EPC) as targets has been developed to detect alloreactive anti-endothelial cell antibodies (AECA) [58] . With this technique, EPCs are isolated from the peripheral blood of the donor using anti-Tie2 magnetic nanoparticles and positive selection. Tie2 is a tyrosine kinase expressed on the surface of EPCs [59] . It is important to recognize the varying clinical phenotypes of injury associated with AECA. We have shown that antibodies directed against endothelial cell antigens are enriched for non-complement-fixing subclasses IgG2 and IgG4, rendering strategies to combat complement-fixing antibodies ineffective (e.g., complement inhibitors) [60••] . While several studies have reported on the correlation between IgGAECAs detected by the XM-ONE® assay and an increased frequency of rejection and graft dysfunction [61, 62] , others have raised questions about its utility and predictive value [63, 64] .
Angiotensin II type I receptor (AT1R) has been identified as one of the antigenic targets for AECAs. Activating antibodies to AT1R have been implicated in the pathogenesis of AMR and obliterative microvasculopathy after renal and cardiac transplantation [65, 66] . In a recent publication, Giral et al., using a newly developed solid-phase assay, identified humoral pre-sensitization to AT1R as an independent risk factor for the development of acute renal allograft rejection (HR=1.91, 95 % CI=[1.03, 3.54], p=0.0393, n=599) and long-term graft loss [67] . We have previously reported on the association between antibodies to AT1R and a phenotype characterized by AMR and de novo glomerular disease [68•] .
Quantifying Cryptic Sensitization to HLA
Many patients sensitized to HLA may not have detectable antibodies at the time of testing. Once formed, antibodies persist for years in some patients, whereas in others they are short-lived. HLA tetramers are complexes comprised of four peptide-loaded HLA molecules, with a fluorescently labeled streptavidin molecule forming the centerpiece. Traditionally used to examine T-cell-dependent cell-mediated immune response, tetramer staining has recently been deployed to detect, isolate, and enumerate HLA-specific B-cells in sensitized patients [69, 70] , and has been utilized to predict posttransplant anamnestic response in patients for whom details regarding allosensitizing events are undocumented or not clearly defined. Patients that are positive for tetramer staining are more likely to rapidly develop alloreactive antibodies to the specific HLA molecule, either on repeated exposure to the antigen or from non-specific activation of polyclonal B-cells from a proinflammatory response to surgery [71] . We have demonstrated that eliminating HLA-specific memory B-cells with anti-CD20 therapy can prevent such an anamnestic response. In the tetramer-positive group (n=26), none of the patients treated with rituximab formed DSA to the tetramer antigen. In contrast, 81.2 % of untreated patients mounted an alloimmune response post-transplantation (P=0.00006) [72] .
Future Directions and Research
While considerable progress has been made in developing treatment strategies and improving outcomes for patients sensitized to HLA, major challenges still remain. Concrete efforts must be directed toward achieving standardization of test results and comparability between histocompatibility laboratories. Clinical trials exploring sequential monitoring to correlate antibody levels with histologic response to therapy and long-term outcomes are warranted. Further investigation is needed to evaluate the kinetics of antibodies with complement-fixing ability, their response to therapy, and the ramification of therapy on clinical endpoints. Finally, the holy grail of renal transplantation is to combat progressive allograft injury through an elaborate understanding of the pathogenesis and evolution of effective therapies for the histopathologic entity called transplant glomerulopathy.
Conclusions
Technological breakthroughs in antibody characterization, coupled with the advent of emerging therapeutic modalities and antibody elimination protocols, have had a profound impact on the treatment options for highly sensitized patients. Each sensitized patient carries varying immunological risks. The need of the hour is to consider these risks and to formulate a rational and individualized treatment plan through effective communication and collaboration.
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